The self-consistent phonon (SCP) theory is used to study the dynamics of monolayers of xenon, krypton, and methane adsorbed on graphite. Only the~3X v 3 sohd phase is considered. It is shown that the phonon energies of the Xe monolayers are very similar to those of their Soating counterparts, while the interaction of the Kr and CH4 monolayers vnth the graphite signNcantly a8ects the phonon dispersion curves. The gap in the phonon dispersion curves at the center of the Brillouin zone is computed as a function of temperature. At a critical temperature, the gap goes spontaneously to zero and a transition from a locked-in commensurate phase to a floating phase takes place. This transition appears to describe the commensurate to Boating transition in CH& dwell. A simple model of the floating transition is compared to the full SCP calculations. The one-phonon dynamic form factor, including the cubic anharmonic term, and phonon lifetimes are also evaluated for Kr and CH4.
I. INTRODUCTION The structure and dynamics of layers of atoms and simple molecules adsorbed on surfaces is a subject of great current interest. This interest is both to explore phase transitions and melting in two dimensions and to study phonons of 20 systems. ' The purpose of the present paper is twofold. Firstly, we investigate the dynamics of solid monolayers of Kr, Xe, and CH4 adsorbed on graphite. The aim is to evaluate the frequencies and lifetimes of in plane phonons in these twodimensional (2D) solid films within the self-consistent phonon (SCP) theory. The dynamics of atoms and molecules in 20 solids have now been explored experimentally by neutron, ' ' helium-atom, ' and electron"' beam scattering from adsorbed films. Particularly, neutron studies have determined owder averages of the phonon density of states of 2D Ar films ' adsorbed on graphite. These techniques hold great promise for detailed studies of phonons in 20 solids in the future. A speci6c goal is therefore to evaluate the one-phonon dynamic form factor Si(Q, to) for comparison with these experiments.
In an earlier paper' we evaluated the energies of phonons in an ideal, floating 2D sohd (in the absence of a substrate) within the self-consistent harmonic (SCH) approximation.
Here we incorporate the interaction between the 20 solid and the substrate, and add the cubic anharmonic term to the SCH dynamics so that phonon lifetimes can be obtained. Throughout, we assume that the monolayer is periodic so that the possibility of domain-eall formation is excluded. Secondly, we explore the Aoating transition. At low temperatures we find the adsorbed monolayer is locked into a structure commensurate (C) with the substrate. There is a gap in the phonon-energy dispersion curves at the Brillouin-zone center (finite phonon energies at q =0). The root-mean-square (rms) vibrational amplitude (u ) of the atoms vibrating around their equihbrium position is finite due to the interaction with the substrate. As the temperature is increased, the gap at the zone center closes and (tt ), which is determined simultaneously with the phonon energies in the SCP theory, increases. At a critical temperature (T =50 K for CH4 on graphite), the gap goes spontaneously to zero and simultaneously (u ) as a Fourier series with the height z taken as a parameter, '4 8(r)=80(z)+QBG(z)e' '. 6 From translational invariance, 6 s are reciprocal-lattice vectors 6 of the substrate.
The coeScients 8 are discussed in the literature. ' We assume that the equilibrium height h of the adatoms above the substrate is independent of their location r on the substrate. The Bo(z), which serves to determine the 
BN BNp and the displacement correlation matrix g(1) can be reduced to the following sum:
g~( 1) = ( w (1)to~ (1) ) coth( -, 'Pficoq& ) g e (q, A, )e&(q, A, )
.
In (2') and (3'), P=(ksT) ' and Unlike xenon, the physisorption of krypton on graphite affects its properties and the phoaon energies significantly.
'
As shown in Fig. 3 Fig. 4 . The krypton and xenon monolayers have to be expanded and compressed respectively to be in registry with the graphite structure, changing the stifFness drastically. This can be seen in the sound velocities in Table   I . This difFerence in the stifFness leads to Griineisen parameters which are larger in xenon than in krypton. ' The Griineisen parameters for Kr can be found from Fig. 4 
is also 6nite. This quantity works well as a replacement of (u ) in the consideration of I.indemann's ratio as a meltin~criterion.
We have previously' tabulated (uui )
at three difFerent temperatures for Iloating, in6nite 20 solids.
The ( u u, ) ' is also the quantity measured in the "Debye-Wailer" factor of extended x-ray-absorption fine structure spectroscopy (EXAFS) As temperature increases, the barrier of height VG can no longer localize the atoms and at a critical temperature Tz, EG~0 and the atoms Soat above the substrate.
At TF the exponent of 66 must vanish so that
